The important position refers to the main sites of activities in the daily life of people, such as the residence and workplace. The log automatically generated by the mobile phones throughaccess to the base station is also an important data source for the user behavior pattern mining, for example, the identification of the important position. However, the relevant work is faced with many challenges, including the massive volume of the trajectory data, the low precision of the positionand the diversity of the mobile phone users. For this purpose, a general solution framework is put forward to improve the availability of the trajectory data. The framework includes a filter module that is based on state, which has improved the availability of data, as well as an important position mining module. Based on this framework, two kinds of distributed mining algorithms have been designed: FQM and AXM, and optimization is carried out from three aspects: (1) Make use of the fusion technology for the multivariate data, so as to improve the precision of the results. (2) The identification algorithm for the non-working population is put forward; (3) The identification algorithm for the night working population is put forward; and the theoretical analysis and experimental results show that, the proposed algorithms are of relatively high execution efficiency and scalability, with higher precision.
INTRODUCTION
Information technology has greatly promoted the development of the national economy and society. With the constant progress of the data acquisition technology and the growing emergence of the new applications, the scale of the data that shall be managed also grows rapidly. Whether the data can be managed and analyzed efficiently has become an important indicator to measure a country's comprehensive national strength. The data produced by human social activity is the main basis of human behavior research, is also the important content in the study of the data. Compared with the past, due to the progress of the society and of the means of transportation progress, great changes have taken place in the form of human activity and range. But restricted by factors such as geographic and social relations, human activities also tend to show regularity (Song, Qu, Blumm and Barabasi, 2010; Song, Qu, Blumm and Barabasi, 2010; Song, Koren, Wang and Barabasi, 2010) . One rule in which is that the people tend to have cyclical change in their position around their place of residence and work (Li, Ding, Han, Roland and Peter, 2010) . The identification of the important position with the representative of the place of residence and work, therefore, is of high research significance and application value (Li, Ding, Han, Roland and Peter, 2010; Yuan, Wang, Zhang and Xie, 2013) .
For the long time, due to lack of the support of relevant data, important position found that users can only use artificial means such as questionnaires, time-consuming and laborious the effect not beautiful. With the continuous development and popularity of the smart phone, mobile phone is playing an increasingly important role in human life. Mobile phones produced by adjacent stations are connected by logging, namely mobile trajectory data, which, to a certain extent, has recorded the daily behavior of users. The data has a large amount of data, a large user base, and the characteristics of wide coverage, and provides the important position found that users may (Isaacman, Becker, Caceres, Kobourov, Martonosi, Rowland and Varshavsky, 2011) Data availability has become an important aspect of big data. In recent years, with the explosive growth of big data, the issue of data quality has gained wide attention. Li et al. considered the availability of the big data (Li and Liu, 2013) from 5 perspectives, including consistency, precision, completeness, timeliness and entity identity. The mobile trajectory data precision is not high, which is unable to accurately describe the user's position every time when the mobile phone accesses the base station. The literature (Cheng, Chen and Xie, 2008) puts forward the precision evaluation method based on the semantic data, and gives a data cleaning solution. But its work is not for trajectory data. Important position detection is an important part of the trajectory data mining, can be analyzed based on a variety of trajectory data (Sadilek, Kautz and Bigham, 2012; Cho, Myers and Leskovec, 2011; Bao, Zheng and Mokbel, 2012; Yuan, Wang, Zhang and Xie, 2013) . Literature (Sadilek, Kautz and Bigham, 2012; Cho, Myers and Leskovec, 2011; Bao, Zheng and Mokbel, 2012 )makes use of social media users sign in important position data for mining user. Check data position precision is high, but covers the user on a smaller scale, narrow, and there is the problem of data sparseness (i.e., the check-in position only focus on a few sites). Literature (Yuan, Wang, Zhang and Xie, 2013) adopts the citizen card record data to analyze lifeand work, which coverage is still not broad enough, and the results gained by the precision is still not high enough. Given the great popularity of mobile phones some of the work at present is focused on the application of the mobile phone big data to analyze the user's important position (Ashbrook and Starner, 2003; Cho, Myers and Leskovec, 2011; Chen, Hu, Zuo and Yue, 2014; Scellato, Noulas, Lambiotte and Mascolo, 2011; Dean and Ghemawat, 2008) .
In view of the problem of trajectory data quality, first of all, a general solutionframework is put forward in this paper, and then two kinds of mining algorithms are proposed. Three kinds of solutions are further put forward, so as to improve the precision and precision of the results. The experimental results show that, the proposed algorithm not only has higher precision and recall rate than that of the existing method, the precision of the important position obtained through mining has also been improved. In addition, the proposed algorithm has very excellent operating efficiency and scalability.
IMPORTANT POSITION MINING FRAMEWORK OF MASSIVE TRAJECTORY DATA
The main idea of the important position mining framework put forward in this paper is: First of all, in view of the track record of a large number of noise data has nothing to do with the important position, through filtering state generation and two steps to eliminate noise data and jump to analysis the impact of the base station, improve the availability of data. And then through the cluster analysis on the remaining position, identify the important position of the user.
Algorithm Framework
This framework is implemented by the application of Map/Reduce programming model (Ester, Kriegel, Sander and Xu, 1996) , and only one Map/Reduce task is required for the implementation. Due to the user in the important position of the stop condition is closely related to the time, as users in the residence time are mainly concentrated in the night, and often in work time on weekdays during the day. So for the mining of one of the important positions, it is necessary to provide the time range   , begin end when the user shows up in this important position. The detailed process of the framework Map and Reduce functions is shown as the following.
 
, map key value value is the string that is composed of the three fields of mobile phone number, base station ID and the access time.
1. Extract the three features of ,, phoneID baseID timeStamp from value ;
reduce key values key
‖ is the mobile phone number of the user, ualues is all the access records of the user at night 1.  regionList null ; 2. In the values , all the records are sorted according to the time sequence, and divided into several sub track records according to the given time range;
3. For each sub trajectory, combined with the base station location, call the state generation module, and the state sequence is generated;
4. For states that are generated, call the filtering module and obtain the filtered results; 5. Merge the state lists of all the subtrajectories after processing, and make grouping on all the states according to their corresponding regions;
6. Traverse all the regions, if the corresponding number of states of a certain area g is greater than the threshold value freq , it can be deemed that the region may contain the important position,  regionList regionList g ; ;
7. Call the clustering analysis module for the regionList , identify all of the important positions and the effective time of the user.
Map function is the function of the user in the total time to meet the time limit of trajectory bit Reduce task.
Step 2 of the Reduce function is to make the user's track record as a sub trajectory everyday. InStep 3, call the generating algorithm for trajectory generation state.
Step 4, call the state filtering module corresponding to the noise dataremoval state.
Step 7, filter out those who stay less area. For example, the user occasionally goes to the business center, although in these positions connection stations generated by the state duration is longer, but the frequency is not high, so to be deleted in the position of the state. Step 7, identify the above areas by the application of the traditional clustering algorithm for clustering, and analyze the important position of the site from the results and the effective time.
Clustering Analysis Module
Theclustering analysis module further narrows down the search area on the identified regions that contain the important position, so as to find out the real contain important position area. Due to the users of the same type may have more than one at the same time, the important position, such as the user may have multiple work at the same time. In addition, the user's important position can change. Therefore, clustering algorithms need to be able to automatically find out the more important position and the important position of the user changes. In this paper, the traditional clustering method DBSCANis applied for the clustering, and in-depth analysis is carried out on the clustering results, so as to find out each important position and its effective time.
Algorithm 3. Clustering Analysis Algorithm Input: State list regionList ; Output: The important position and the effective time of the important position. 1. Take the center of all the regions in the regionList as the input, make use of DBSCAN clustering algorithm to conduct clustering on these points;
2. If after clustering to obtain multiple clusters, viewing clusters and cluster corresponds to state whether there is any time between overlap. If contain overlapping, delete the user connection fewer clusters;
3. For each cluster into a step in the analysis, obtain the user's important position; 4. Analyze the effective time range of each important position.
In Step 1, make use of DBSCAN clustering algorithm on the state corresponding area, each cluster obtained is on behalf of a candidate contain important position area.
Step 2, make analysis on the results that contain multiple residence (or work), so to avoid the conclusion that "The user resides at the same time in two residence".In Figure 1 , when clustering algorithm to base station c alone for a cluster, due to the fact that it is with a, b of time crossover phenomenon occurring in a cluster, so c cluster formed by the base station should be deleted.
Step 3, determine the user's important position from the clustering results, and in this process, first obtain the base stations that the user has accessed in the cluster, and obtain the vector P comprised of the positions of these base stations. And then calculate the weight vector W of the base station, specifically, through the calculation of total duration 
Nigh Working Population Position Correction Strategy
The aforementioned algorithms can accurately obtain the user's important position, but the place of work and residence of the night working population who work at day time may be confused. In view of this issue, the corresponding optimization measures are put forward in this section.
Analysis base station connected after the log can be found, such users connected to the base station during the work frequency is generally higher than at home connected to the base station, especially on the user's mobile phone connected to the base station frequency low during sleep. So, if you can detect the user to connect the base station frequency minimum period of time, and further analysis of the user in the time period is mainly stay where, can distinguish such users. In other words, if the user's the lowest frequency of access time is mainly concentrated in the day time, and during this period the base station distance algorithm has identified that the "workplace" is closer, then the user is likely to fall under the night working user.
In this paper, the following model is adopted to analyze the influence of the time factor on the state of the user: 
In which, H stands for the average time that the user is "at home";and 2  H stands for the variance of the time for the user who is the "at home". Similarly,  W and 2  W can be obtained.    t P s H stands for the probability of the user who is "at home" at the moment t . At the same time, when a user is in the state "at home", the connection of the base station near the residence, the higher the possibility of the user "at home" will be, the corresponding work is also in the same way. Therefore, this paper adopts the following model to describethe relationship between the position and the state that the user is in:
x represents the position of the user at the moment t ,  t sH stands for the current position, namely, the user is "at home";  t sW stands for the position of the user, namely, the user is at the "work" state, and  H and  W stand for the distance to the base station accessed by the user under the two states of "at home" and "at work", and with the aforementioned algorithm in this paper, obtain the covariance matrix of the distance of the place of residence and work. Similarly, H u and W u stand for the mean value of the distance of the place of residence and work obtained under the two states when accessed to the base station.
Finally, the following equation is adopted to determine the state of the user at a certain moment:
x x s H P s H lx P x x s W P s W When
  1 lx≥ , it can be proven that t the user is located "at home" at the moment; Otherwise, the user is in the state "at work".
According to the above analysis, divide everyday into continuous n (24by default) periods, make statistics on the user in each period of the average connection frequency, find out the minimum k (3 by default) periods with the connection frequency as non 0. In these periods, make analysis on the ratio of occurrence of the states "at home" and "at work" of the user. If the connection of the lowest frequency period, state of "work" appears more often (off work in daytime), it indicates that the user falls under the night working population, and the place of residence and work shall be switched for the user.
EXPERIMENTAL RESULTS AND ANALYSIS

Experimental Data Set
This paper applies the base station access log provided by a certain Shanghaimobile communication operator as the data source. The data source of the operator has a total of 3,211,342 users, from August 15, 2014 -March 1, 2015 (a total of 208 days), and the records of the mobile phones access to the base station during this period and the base station position information, the data size is about 1.6 TB. All the behaviors of the user such as making phone calls, sending and receiving text messages andgoing on the Internet, etc. willgenerate the access log information.
In addition, this paper has randomly selected the data of 98 volunteers to verify the precision and precision of data. Table 1 presents the distribution information of the age of these volunteers. Table 2 introduces the distribution of the work place of the volunteer s, in which, 8.1% of the volunteers are retirees, who do not have the place of work information. 
Algorithm Precision and Precision Evaluation
Theevaluation of the precision of the algorithm is measured from the three aspects including Precision, Recalland 1 -measure F , the precision adopts the mean error ( mean _ error ). If the algorithm is obtained by the position and the distance between the user's actual position is less than 2 km (considering the uneven distribution density of base station, and the existing signal jump phenomenon, 2 km is a more reasonable value), argues that correctly identified an important position of the user. Assuming the number for the important position identified by the algorithm is P , among which the right number of the important position identified is Q , and the actual number of important position is R , then the following can be obtained /  Precision Q P ,
Assume that the actual important position is l , and the algorithm identifiedposition is f , then
In which, ed is the Euclidean distance between two positions l and f . Table 3 presents the algorithmsFQM and AXM before and after the optimization for the algorithm performance. In which, the length of the grid side of FQM algorithm and the AXM base station radius are set to 500 m. As can be seen from the table, the two algorithms performance improved significantly after correction. This is because the correction without work and night work personnel's important place, cause the algorithm to find out the important position of number   P decreases, the correctly identifiedimportant position number   Q increases, while the actual number of important position remains the same. Therefore, the precision and recall rate are increased, which further leads to the increase of 1 F -measure. At the same time, due to amend the user's position to the nearby residential area, obtained by the important position closer to the actual situation, so the average error is reduced. As can be seen from the table, AXM algorithm is superior to FQM algorithmin terms of accuracy and precision. Table 4 makes comparison on the data precision of the proposed two algorithms and Literature (Cho, Myers and Leskovec, 2011; Chen, Hu, Zuo and Yue, 2014; Dean and Ghemawat, 2008) proposed algorithms respectively on the volunteers. In the experiment, the algorithm applied in literature (Cho, Myers and Leskovec, 2011) on the grid side and parallel algorithm based on mesh filter is proposed in this paper by using the side length of 500 m. from the operators unable to acquire the information of each base station coverage, this article will base station coverage is set to 500 m. As can be found from Table 3 , FQM and AXM algorithm (after correction) and the precision of experimental results are higher than that proposed in literature (Cho, Myers and Leskovec, 2011) and literature (Dean and Ghemawat, 2008) . The literature (Chen, Hu, Zuo and Yue, 2014) algorithm and the algorithm proposed in this paper has no big difference in the 1 F -measure, but its precision is less than the algorithm proposed in this paper. In the literature (Dean and Ghemawat, 2008 )the algorithm performance is worst, which is because, the clustering algorithm to all base stations alike, affected the important position of the judgment to the user. Although in literature (Cho, Myers and Leskovec, 2011 ) the effect is not very good, it still reflects the fact that the most frequent places that the majority of the users use the mobile phone tend to focus on the important positions and its nearby locations. In terms of precision, the proposed algorithm has higher precision. At the same time FQM algorithm is better than the precision of AXM algorithm performance. 
Algorithm Performance Evaluation
In order to test the influence of the grid dimensionon the time performance of FQM, the influence of the overall data set of the experiment in the performance test under different computing nodes, and the results are shown in Figure 1 . As can be seen from the picture, the smaller the grid size is, the longer the required time by the algorithm will be. At the same time, FQM algorithm has very good linear acceleration. Figure 2 introduces base stations under different radius of, and the time performance of the algorithm. It can be seen from the picture, the smaller the radius, the higher the execution efficiency of the algorithm, it has to do with FQM algorithm the opposite is true. This is because, the greater the radius of base stations, the neighbor number per base contains, the more the generated is, the more status, thus further lead to cluster is, the more the input, the algorithm running time will increase. And FQM algorithm grid side length, the greater the corresponding grid number is less, which eventually leads to shorten operation time. 
CONCLUSION
In this paper, the general framework for the mining of the important position of users from the massive low-quality mobile phone trajectory data is introduced, as well as two algorithms that are based on the framework: FQM and AXM, and further correction is made on the positions obtained in the mining on the important positions from the three aspects. Both the algorithms introduced in this paper start from identifying the regions from the user'sactivity records which may contain the important position, then perform the clustering on these regions, finally analyze and obtain the important position of the user from the results of the clustering. The difference between the two algorithms is that FQM makes use of the grid area to represent the region that may contain the important position, while AXM adopts the base station coverage to indicate the region that may contain the important position. Compared with the existing work, this paper carries out in-depth mining on the core point around the important position, and takes into consideration how to improve the availability and usability of the lowquality trajectory data. At the same time, this paper also integrates other data so as to improve the precision of the results, and in view of the two kinds of special population, the identification algorithm for the retired population and other non-working groups as well as the night working population mining algorithm is designed, so as to improve the rationality of the results. The experimental results show that,the algorithm proposed in this paper has higher 1 F -measure compared with that of the existing algorithms, and the results of the position are more accurate. At the same time, in the two algorithms proposed in this paper, FQM has better time performance, while AXM has higher accuracy and precision.
